Mycobacterium avium subspecies paratuberculosis is the causative agent of Johne's disease, a chronic enteritis in ruminants. A gene homologous to that of 35-kDa antigen of Mycobacterium leprae was cloned and sequenced from Mycobacterium paratuberculosis. The database searches revealed 82.79% and 95.67% similarities of its nucleotide sequence, with those of immunodominant 35-kDa protein of M. leprae and M. avium, respectively. ß
Introduction
Mycobacterium avium paratuberculosis (M. a. paratuberculosis), an extremely slow growing, mycobactin-dependent organism, is the causative agent of Johne's disease (paratuberculosis), a chronic enteritis in ruminants [1] . The disease is associated with signi¢cant economic losses all over the world [2, 3] .
There is no authentic test to detect the early stages of Mycobacterium paratuberculosis infection. The faecal smear examination with Ziehl^Nielsen staining has poor sensitivity while culture-based assays require more than 68 weeks to identify the organism. The recently developed gene probes and PCR assays for the detection of M. paratuberculosis require specialized equipments and are expensive [4] . Attention is, therefore, paid to the diagnostic tests based on immune responses of the host against the causative M. a. paratuberculosis organism.
Utilizing partially puri¢ed, sonicated proteins or recombinant proteins of M. a. paratuberculosis, enzymelinked immunosorbent assays have been reported [5^9] to detect humoral immune response of the host which usually becomes evident in a later stage of infection.
Hence emphasis is being put on cell-mediated immunity based tests to identify infection in the early subclinical stage. Therefore tests such as delayed type hypersensitivity (DTH), lymphocyte stimulation assay and Q-interferon assay have been standardized. The available crude and unde¢ned antigen preparations do stimulate lymphocytes but due to commonality of certain antigens with related organisms, it has not been possible to eliminate cross reactions to satisfying levels [1, 10] . This factor has sustained the impetus for searching for a speci¢c M. a. paratuberculosis antigen which is easily and speci¢cally recognizable by T-cells [11] .
A 35-kDa protein of Mycobacterium leprae has been shown to elicit speci¢c T-cell-mediated immune responses in leprosy patients [12, 13] . In this communication, we describe the identi¢cation and characterization of a gene in M. a. paratuberculosis homologous to that of the immunodominant 35-kDa protein of M. leprae.
Materials and methods

Bacterial strains
M. paratuberculosis strains 316F and III-V, and M. bovis (AN5) were from the Biological Products Division, IVRI, Izatnagar, India. The other mycobacterial cultures used in this study (M. avium, M. intracellulare, M. kansasi, M. scrofulacium, M. smegmatis, M. gordonae, M. microti, M. marinum, M. fortuitum, M. chelonae and M. phlei) were obtained from the Mycobacterial Repository Centre, Jalma Institute for leprosy, Agra, India. The mycobacterial organisms were grown and maintained on MiddleBrook 7H10 agar medium supplemented with 10% OADC (oleic albumin dextrose catalase) and 0.1% glycerol (v/v). For the growth of M. paratuberculosis, the medium had additional supplementation of mycobactin J (0.2%).
Escherichia coli JM 109 supplied by Promega (USA) was grown at 37³C in Luria Bertani broth.
DNA isolation
The genomic DNA from the mycobacterial species was isolated by the method of Portillo et al. [14] . Plasmid DNA extraction from E. coli followed the alkaline lysis procedure [15] . M. leprae DNA was obtained from the Jalma Institute for leprosy, Agra, India.
PCR ampli¢cation and cloning
To amplify a 35-kDa protein gene from M. a. paratuberculosis, the primers: (sense) 5P-CCGAGCTCTGAC-GTCGGCTCAGAATG-3P and (antisense) 5P-CCAAG-CTTTCACTTGTACTCATGGAAC-3P, respectively containing SacI and HindIII restriction endonuclease sites, were designed on the basis of DNA sequence information for a homologous protein of M. leprae [12] . DNA ampli¢cation was carried out in 50 Wl containing standard PCR bu¡er, 200 WM of each dNTP, 0.5 WM of each primer, 2 U of Taq DNA polymerase and 50 ng of mycobacterial genomic DNA. Each reaction mix was overlaid with light mineral oil and subjected to 30 cycles of ampli¢cation under the following conditions: denaturation at 94³C for 1 min, primer annealing at 50³C for 1 min and primer extension at 72³C for 1 min 30 s. After 30 cycles, ¢nal extension for 7 min at 72³C was carried out. PCR products were analyzed by agarose (1.0%) gel electrophoresis and also by restriction enzyme analysis.
The ampli¢ed MPL35 gene was puri¢ed from agarose gel using the Qiaex II gel extraction kit (Qiagen, USA), digested with SacI and HindIII restriction endonucleases and ligated into the pGEM-3Zf(+) vector. The newly constructed plasmid, designated as pGMPL35, was transformed into E. coli JM 109 competent cells. The transformed E. coli cells grown on LB agar plates containing ampicillin, X-gal and IPTG were screened for the presence of an insert on the basis of the white or blue color of the colonies. Ampicillin resistant transformants were screened by restriction enzyme analysis to identify the presence of the correct insert.
DNA hybridization
The speci¢c distribution of the MPL35 gene in mycobacterial species was con¢rmed by dot blot hybridization. About 2 Wg of chromosomal DNA each from various mycobacterial species was heat-denatured and blotted on Hybond N membrane (Amersham, UK). Hybridization was carried out at 60³C for 18 h. The cloned MPL35 gene fragment was puri¢ed from agarose gel using the Qiaex II gel extraction kit (Qiagen, USA), labelled with [K-32 P]dATP and used as probe. High stringency washing was performed (at 60³C in 0.1USSC) and detection of a hybridization signal was carried out by autoradiography [15] .
DNA sequence analysis
The nucleotide sequence of the cloned MPL35 gene was determined by the dideoxy chain termination method [16] . Nucleotide and deduced amino acid sequences were analyzed using Laser gene software (DNAStar). The nucleotide sequence of the MPL35 gene submitted to the EMBL database has been assigned accession number AJ250887. 
Results and discussion
The 35-kDa protein is a major membranous antigenic component of M. leprae and M. avium eliciting T-cell immune response [12, 17] . The genes encoding the protein are well conserved among the two species. The present study aimed to isolate and characterize the homologous gene from M. a. paratuberculosis, the causative agent of Johne's disease in ruminants. Hence primers were designed from the nucleotide sequence of 35-kDa protein gene of M. leprae [12] .
PCR ampli¢cation and construction of recombinant pGMPL35
Upon ampli¢cation, as expected, a PCR product of 940 bp was obtained from M. a. paratuberculosis DNA, and was designated MPL35. Upon restriction enzyme digestion with PvuII and SalI, the expected size of fragments was obtained (data not shown). Only in M. a. paratuberculosis, M. leprae and M. avium an amplicon of the gene encoding a 35-kDa protein was obtained. The designed primers, however, did not amplify a similar gene from M. intracellulare, M. kansasi, M. scrofulacium, M. smegmatis, M. bovis (AN5), M. gordonae, M. microti, M. marinum, M. fortuitum, M. chelonae and M. phlei (Fig. 1) . Thus, by utilizing the published nucleotide sequence of a 35-kDa protein of M. leprae [12] speci¢c primers were designed that could successfully amplify a similar gene in M. paratuberculosis. This PCR-based strategy simpli¢es the search for analogous genes in related organisms. This gene is reported to be absent in the Mycobacterium tuberculosis complex group and also in some serovars of M. intracellulare [17] .
Recombinant plasmid pGMPL35 (4139 bp) generated after cloning of a 940-bp PCR-ampli¢ed fragment in the PGEM-3Zf(+) vector was selected from LB agar plates. A fragment with identical size was released on digestion with HindIII and SacI (Fig. 2) .
Dot blot hybridization
Upon dot blot hybridization using the cloned MPL35 gene fragment as probe on genomic DNA from di¡erent mycobacterial species, the hybridization signal was detected also in M. smegmatis, besides M. a. paratuberculosis, M. avium and M. leprae (Fig. 3) . These results are in line with earlier reports on the 35-kDa protein [12] . The presence of the 35-kDa protein gene in M. leprae and M. avium was earlier reported [12, 17] . Our study extends the list by identifying a homologue of the 35-kDa protein encoding gene in M. paratuberculosis.
Nucleotide sequencing
To con¢rm the homology with the 35-kDa protein encoding gene of M. leprae and M. avium, the cloned MPL35 gene was sequenced. The PCR fragment of MPL35 gene cloned in pGEM-3Zf(+) vector was sequenced by the dideoxy chain termination method. The DNA sequence contained a 924-bp open reading frame. The potential ATG start codon was followed by 306 codons before a TGA nonsense codon was encountered. The proposed mature protein was 307 amino acids in length with an estimated molecular mass of 33 670.31 Da. Alignment of the nucleotide sequence of the MPL35 gene of M. a. paratuberculosis with that of the 35-kDa gene of M. leprae [12] and M. avium [17] showed 82.79% and 95.67% homology, respectively. The deduced amino acid sequence had 90.3% and 95.1% similarities, respectively (Fig. 4) . But no signi¢cant similarity of MPL35 was observed with other sequences of M. paratuberculosis. The observed homology of sequences in M. leprae, M. avium and M. paratuberculosis indicates that the 35-kDa protein is well conserved between these species.
The 35-kDa protein of M. leprae is an immunodominant antigen capable of eliciting T-cell and IgG antibody responses. The protein elicited strong DTH in M. leprae or M. avium sensitized animals [13, 17] . The identi¢cation of speci¢c antigens recognized by T-cells is required for early diagnosis and vaccine development for M. paratuberculosis infections [11] . There are, however, no traceable reports of availability of puri¢ed M. paratuberculosis antigen(s) capable of eliciting T-cell response. The elucidation of this gene is, therefore, likely to pave the way for faster and reliable diagnosis of paratuberculous infections.
